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suMMARY In patients with valvar heart disease detection of coronary artery disease by con-

ventional non-invasive methods may be difficult. The usefulness of thallium-201 exercise
scintigraphy for detecting coronary artery disease was evaluated in 16 patients with aortic steno-

sis, 17 with aortic regurgitation, nine with mitral stenosis, and six with mitral regurgitation who
were investigated by coronary angiography. Only two of 21 patients with > 50% coronary artery

obstruction had normal thallium images. Three patients without angiographic evidence of
coronary artery stenoses had perfusion defects demonstrated by thallium scintigraphy. Only one

patient with > 75% coronary stenosis had a normal thallium scan. Angina pectoris or ST segment
depression evoked by exercise test were not useful in distinguishing patients with coronary artery

disease from those with normal coronary vessels.
These data suggest that thallium exercise scintigraphy may be a useful non-invasive test for

detecting coronary artery disease in patients with valvar heart disease.

In patients with valvar heart disease diagnosis of
coronary artery disease is difficult without coronary
arteriography. 3̀ Angina pectoris is an unreliable
marker of coronary heart disease, and its absence
does not exclude coronary artery disease.' 3 Even
exercise electrocardiography does not reliably detect
anatomical coronary lesions in patients with valvar
heart disease.4 6
Thallium scintigraphy is a sensitive and specific

method for detecting angiographically important
coronary artery disease,67 but there is little informa-
tion on its value in patients with valve diseases.8`10
We have assessed the usefulness of thallium scin-
tigraphy in patients with either aortic or mitral valve
disease.

Patients and methods

Patients
Forty eight consecutive patients (26 women and 22
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men, mean (SD) age 55 (10) years) referred for
invasive evaluation of valvar heart disease were stud-
ied by thallium exercise scintigraphy and coronary
angiography. Beta blocking agents were withdrawn
gradually at least 48 hours before the studies.
Invasive studies showed aortic stenosis in 16
patients, aortic regurgitation in 17, mitral stenosis in
nine, and mitral regurgitation in six. Fifteen patients
with aortic valve disease had combined aortic steno-
sis and regurgitation, and 10 had combined mitral
stenosis and regurgitation. Three patients had com-
bined aortic and mitral valve disease. Four patients
had mild valvar disease (two with aortic stenosis, one
with aortic regurgitation, and one with mitral steno-
sis), while the others had moderate to severe valve
lesions (aortic valve area < 1-2 cm2, mitral valve area
< 1-5 cm2, and 3-4/4 valvar regurgitation in aor-
tography or left ventricular cineangiography).
Patients with a history of previous myocardial
infarction (two patients) or exertional syncope,
inability to perform bicycle ergometer exercise, or
congestive heart failure were excluded from the con-
secutive series. Informed consent was obtained from
all the patients.
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CARDIAC CATHETERISATION
All patients underwent left sided cardiac cath-
eterisation, including selective coronary arterio-
graphy performed by the Judkins technique.
Patients with suspected mitral valve disease also
underwent right sided catheterisation. High flow
coronary catheters were used in most patients with
aortic disease in order to obtain adequate
opacification of the coronary arteries. Left ventricu-
lar cineangiograms were performed as described
elsewhere."1 Cardiac output was determined by the
Fick method, and the valve areas were calculated by
a modification of Gorlin's formula.'2 The presence
and severity of aortic regurgitation were evaluated
by aortic root angiography. The angiographic
findings were interpreted by two observers who
were unaware of the scintigraphic studies. Reduc-
tion of >50% in the luminal diameter of a coronary
artery was regarded as an important lesion.

EXERCISE ELECTROCARDIOGRAPHY
A symptom limited exercise test on an electrically
braked bicycle ergometer was performed two days
before the catheterisation studies. The exercise was
started at 30 W and the workload was increased in
one minute steps by 15 W for men and 10 W for
women. The final workload was the individual max-
imum determined by the symptoms of angina, dys-
pnoea, or fatigue. Standard electrocardiographic
leads I, aVF, and V5 were monitored.'3 Cuff blood
pressure, heart rate, and ST segment depression
were determined every minute up to five minutes
after exercise. The electrocardiogram was consid-
ered to be positive if more than 0 1 mV ST segment
depression was noted during or after the exercise
test.

THALLIUM-201 SCINTIGRAPHY
Thallium scintigraphy studies were performed on
the day preceding catheterisation by the same exer-
cise protocol that was used for exercise electro-
cardiography. Thallium-201 (2 mCi (74 MBq)) was
injected intravenously 30 to 60 s before completion
of the ergometric exercise. Four minutes after the
injection imaging was started in the anterior and 45°
and 70° left anterior oblique positions with a Sie-
mens Rota-75 gamma camera with a low energy high
sensitivity collimeter. Post-exercise imaging was
completed within 30 min. Scintigraphic imaging was
repeated in the same projections four hours after
exercise.

Scintigraphic data were collected on a 64 x 64 byte
matrix in multigated form for five minutes for each
of the views. The images were stored on a Gamma-
11 computer disc for analysis. The computer images
were enlarged, interpolated, and subjected to back-

ground subtraction.'4 Computer-generated circum-
ferential profiles were obtained from the exercise
and delayed images as follows. The myocardium was
divided into 36 sectors and radii extending from its
centre to its outside contour were constructed by
computer. The division into sectors started at 12
o'clock and moved clockwise. The following cir-
cumferential curves were calculated from the back-
ground subtracted, smoothed images: (a) number of
pixels/sector and (b) the normalised counts/pixel.
The same regions of interest were used for the post-
exercise and delayed images. These curves were dis-
played on the same image as the normal curves (2
SD) obtained previously.
The scintigrams were interpreted independently

by two observers who were not aware of the angio-
graphic findings. Three segments in each view were
analysed (anterior, apical, and inferior segment in
the anterior projection: posterior, apical, and septal
in the 45° left anterior oblique projection; and infe-
rior, apical, and anterior in the 700 left anterior
oblique projection). The scintigram was interpreted
as indicating coronary artery disease if any area of
decreased post-exercise perfusion with or without
redistribution in the delayed images was present. An
apical defect alone was not considered abnormal,
however. Observer agreement was complete in 94%
of images. In the remaining 6% (four cases) a con-
sensus was reached with the aid of a third indepen-
dent observer.

Sensivitity was defined as the number of true pos-
itives multiplied by 100 divided by the sum of true
positives plus false negatives, specificity as the num-
ber of true negatives multiplied by 100 divided by
the sum of true negatives plus false positives, and
negative predictive accuracy as the number of true
negatives multipled by 100 divided by true negatives
plus false negatives.

Results

CLINICAL DATA
Table 1 shows the clinical and exercise data. All the
patients had symptoms related to heart disease.
Twenty eight had angina pectoris. The sensitivity of
angina in predicting the presence of coronary artery
disease was 67% (86% for aortic stenosis, 83% for
aortic regurgitation, 30% for mitral stenosis, and
100% for mitral regurgitation), and its specificity
was 59% (44% for aortic stenosis, 64% for aortic
regurgitation, 100% for mitral stenosis, and 60% for
mitral regurgitation). The sensitivity of exercise
electrocardiography in detecting coronary artery
disease was 81% and its specificity was only 52%.
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Table 1 Clinical and exercise data (mean (SD))

Aortic stenosis Aortic rewuritaton Mitral stenosis Mitral regusyitation
(n=16) (n= 17) (n=9) (n=6)

Age (years) 56 (11) 51 (9) 61 (6) 55 (5)
Sex (males/females) 12/4 8/9 1/8 3/3
New York Heart Association class:

I or II 4(25%) 7 (41%) 2 (22%) 3(50%)
III or IV 12 (75%) 10 (59%) 7 (78%) 3(50%)

Severity of valve lesion:
2/4 2 (12%) 1(6%) 1 (11%) 0
3/4 11 (69%) 11 (65%) 7 (78%) 4(67%)
4/4 3 (19%) 5 (29%) 1 (11%) 2(33%)

Occurrence of angina pectoris 12 (75%) 9(53%) 3(33%) 2(33%)
Coronary artery obstructions:
None 9 (56%) 11(64%) 2(22%) 5 (63%)
1 vessel disease 4(25%) 2 (12%) 2(22%) 1(17%)
2 vessel disease 1 (6%) 2 (12%) 3(34%) 0
3 vessel disease 2 (13%) 2 (12%) 2(22%) 0

Ergometer exercise data:
Heart rate,,,^, (beats/min) 112 (21) 122 (19) 127 (30) 130 (25)
ST-segment depression 10(63%) 9 (53%) 5 (56%) 5 (83%)

RELATION BETWEEN SCINTIGRAPHIC DATA predictive accuracy 97%). Figures 1 and 2 show a
AND CORONARY ANGIOGRAPHY true positive scan and a true negative scan. Some of
Table 2 shows the occurrence of thallium defects the patients with aortic valve disease had apical
and the presence of angiographically important perfusion defects, which were not considered to be
coronary artery disease in the various groups. Two abnormal.
aortic stenosis patients with angiographically
important coronary artery lesions (one with 75% Discussion
stenosis of the right coronary artery, and the other
with 50% stenosis of the left anterior descending Thallium scintigraphy is a valuable non-invasive
coronary artery) had normal scintigraphic images. method for detecting coronary artery disease,6 7 but
During exercise neither of these patients reached a its usefulness in patients with valvar heart disease
heart rate of more than 60% of the age-predicted has been little studied. Routine cardiac cath-
maximum. Two patients with aortic regurgitation eterisation could be avoided in some patients with
and one with mitral stenosis had abnormal scin- valve disease15 if coronary artery disease could be
tigraphy (two patients had fixed anterior defects and assessed non-invasively before valve surgery, and
one patient had a reversible inferior defect) despite where necessary coronary artery bypass grafting
the absence of angiographically important coronary could continue to be done at the same time as valve
lesions. operation. Our thallium imaging data proved to be
When coronary artery stenosis of >75% was used reasonably reliable in detecting coronary artery

as the cut-off point, 17 patients had coronary artery disease in patients with valve lesions; their sensi-
disease and only one of these had a nornal thallium tivity and specificity resembled values obtained in
scan (sensitivity 94%, specificity 90%, and negative patients without valve lesions.6

Table 2 Relation of thalliwn scintigraphy to presence and absence of coronary artery disease

Coronary artery disease Nwnber ofpatiens Normal thallium-201 One or more thalliun-201
scintigraphy defects

Present:
Aortic stenosis 7 2 5
Aortic regurgitation 6 0 6
Mitral stenosis 7 0 7
Mitral regurgitation 1 0 1

Absent:
Aortic stenosis 9 9 0
Aortic regurgitation 11 9 2
Mitral stenosis 2 1 1
Mitral regurgitation 5 5 0

Overall sensitivity of thallium scintigraphy, 90%; and specificity, 89%.
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Fig. 1 A thallium scan ofa patient with aortic stenosis and stenosis of left anterior
descending coronary artery (50%) and right coronary artery (90%). A smoothed,
background subtracted, and contrast enhanced thallium image on the left and the
corresponding circumferential profile curve on the right (a solid line) show moderately
decreased thallium activity of inferoapical segment and a small thallium defect in the
anterior segment on the post-exercise image (upper). There is complete redistribution of
initial defects on the delayed images (lower). The uppermost dotted line in the profile
curve represents normal thallium activity curve, the middle -2 SDfrom normal, and the
lowest dotted line represents the thickness of a left ventricle wall in pixels (CELLS).
Counts/pixel (CTS/CELL) in circumferential profile curve are normalised to 100%
(solid line). AP, anteroposterior view.

Imaging studies in patients with aortic valve dis-
ease have produced conflicting results.8 9 Bailey et al
concluded that qualitative thallium imaging does not
allow adequate separation of patients with aortic
stenosis and coronary artery disease from those with
normal coronary angiography,8 whereas, like us,

Pfisterer et al found that thallium scintigraphy is
reliable for cases of aortic valve disease, provided
that apical perfusion defects are not considered to
represent coronary artery disease.9 Although isotope
imaging has been studied in cases of mitral valve
prolapse,'5 its usefulness in patients with mitral
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Fig. 2 A thallium scan of a patient with aortic regurgitation and normal coronary
angiography. The scintigraphy shows normal thallium activity despite a very slight
thinning of apical segment, which was not regarded as abnormal. The uppermost dotted
line in the profile curve represents normal thallium activity curve, the middle -2 SDfrom
normal, and the lowest dotted line represents the thickness of a left ventricle wall in pixels
(CELLS). Counts/pixel (CTS/CELL) in circumferential profile curve are normalised
to 100% (solid lines). LL, left lateral view.

stenosis or regurgitation has not so far been thor-
oughly examined. Our preliminary data in a small
group of patients showed that thallium imaging was
quite sensitive and specific in such patients.
Two patients with aortic stenosis had normal thal-

lium scans despite angiographic evidence of coro-

nary artery disease. Both of these patients had low
exercise tolerance and they did not reach the accept-
able heart rate during exercise. In such cases phar-
macological stress testing with dipyridamole might
increase the sensitivity of the imaging.'6 As shown
by others9 apical perfusion defects were quite com-
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mon in patients with aortic valve lesions. Apical
defects are believed to be a result of alterations in left
ventricular geometry without a change in radio-
nuclide perfusion.17
Only one of our patients with >75% coronary

stenosis had a normal thallium scan. Thus in this
series thallium imaging was 97% accurate in exclud-
ing severe coronary artery disease. The number of
patients we studied was small, however, and they do
not establish that coronary angiography can be
replaced by thallium scintigraphy in patients with
valve lesions. Larger studies would allow the analy-
sis of patients by subset (that is type of valve lesion,
age, sex, and coronary risk factors), and they should
show whether important coronary artery disease can
be excluded by non-invasive examination in patients
with valvar heart disease.
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